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Abstract 
A new generation of high power picoseconds lasers allows high quality and high thruput production of vias and blind holes 
in PC-Boards. The hole shape can be improved by using a beam shaper DOE. Drilling rates of 3000 holes per second for 
thru holes and 12 000 holes per second on blind holes have been demonstrated. 
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1. Motivation 
Thru holes (vias) and blind holes have to be drilled into Printed Circuit Boards (PCB) to act as 
interconnectors in layered systems. Both holes should have straight walls (Figure 1a). Blind holes should stop 
at the second copper layer with low damage to the copper layer and a minimum radius at the interface to the 
copper layer (Figure 1b).  
 
 
* Corresponding author. Tel.: +49 7156 30332072 
E-mail address: severin.luzius@de.trumpf.com 
Available online at www.sciencedirect.com
© 2013 The Authors. Publis ed by Elsevier B.V.
Selection and/or peer-review under responsibility of the German Scientific Laser Society (WLT e.V.)
Open access under CC BY-NC-ND license.
Open access under CC BY-NC-ND license.
724   S. Luzius et al. /  Physics Procedia  41 ( 2013 )  723 – 726 
Today percussion drilling with CO2-lasers is the method of choice for drilling PCBs. They reach very high
drilling rates of several thousand holes per second and can drill diameters as small as 75 μm [1]. However, the
growing demand for higher packaging densities on PCBs require smaller diameters of the drilled vias and blind
holes. UV-lasers like THG YAG lasers are one possibility to drill smaller diameters. However, such lasers are
limited to only a few tens of Watts in average power thus limiting the drilling rate to a few hundred holes per 
second [2].
Ultra short laser pulses with a pulse width below 10 picoseconds and peak powers of more than 40 MW are
absorbed on most materials even with the fundamental IR wavelength and can drill composite materials and 
plastics with minimum damage. They are available with more than 100 W average power and a pulse energy of 
250 μJ thus allowing very high drilling rates on all kinds of PCBs.
2. Four steps to an industrialized PCB drilling process
2.1. Absorption
The CO2-laser wavelength of 10.6 μm has a very low absorption on copper but is absorbed well on the 
composite materials used for PC-Boards. An absorbing layer has to be applied to the copper coating on the
PCB to allow the CO2-laser to pierce thru. On the other hand this low absorption helps to preserve a second 
copper layer when creating a blind hole. The process can be designed to stop automatically on this second 
layer. CO2-lasers are limited in focusability. They are typically used to drill holes larger than 100 μm in 
diameter and cannot drill holes smaller than 75 μm [1].
UV wavelength of frequency converted YAG-lasers or Excimer lasers is absorbed on copper as well as on 
the composite materials and plastics used for the PCB and allows much smaller diameters due to the shorter 
wavelength [1],[2]. Both lasers have limited applications in the field of PCB drilling but cannot deliver the
flexibility or throughput needed for an industrial process.
Modern picosencond lasers like the TruMicro Series 5000 lasers from TRUMPF allow processing of a vast 
range of materials even with the fundamental wavelength of 1030 nm. With a peak power of more than 40 MW
and an intensity of several GW/cm², multi photon absorption occurs. This nonlinear absorption enables these
lasers to process even highly transparent materials like fused silica with a very low optical penetration depth.
The short pulse width also limits heat effect and delivers high quality results. In a lot of applications IR 
picoseconds lasers have already replaced more expensive and less reliable UV lasers.
Fig. 1. (a) Schematic of a via hole and blind hole; (b) Detail view of the blind hole
(a)
(b)
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In fact no difference in achieved drilling rate and quality of a blind hole was observed when comparing the
creation of a blind hole in a PCB with an uncoated copper surface to the same surface with a graphite coating
that is typically used for CO2-laser drilling of PCBs.
2.2. Depth control
Although having a consistent absorption on most materials, the ablation rate on plastics like FR4 or PI is
much larger with picosecond lasers than on copper. Therefore creation of blind holes is easily achieved by 
controlling the number of pulses. Ramping of pulse energy or repetition rate is not required.
The used TruMicro Series 5000 laser is equipped with a built in external modulator that is used to control
and adjust pulse energy from pulse to pulse and allows pulse picking of single pulses allowing a very precise
control of the drilling process. The process can be adjusted to drill a 200 μm substrate and stop on a bottom 
copper layer of only 2 μm without damaging this layer.
2.3. Shaping of the hole
A gaussian intensity distribution can lead to increased damage to the copper layer in the center part of the
hole and a larger taper angle of the sidewalls. While the damage to the copper is not an issue for thru holes, the
angle of the sidewalls can be an issue when trying to fill the hole with copper. The hole should ideally have a
cylindrical shape.
A top-hat beam shaper DOE can shape the intensity profile in a way that the angle of the walls is
significantly improved and the radius between FR4 and copper as shown in figure 1b is reduced. This
configuration is therefore suitable for thru holes as well as blind holes. Even with an intensity distribution that 
is far from an ideal top hat shape as shown in Figure 2b, the flanks are steeper and the peek intensity is reduced
compared to a Gaussian intensity distribution (Figure 2a).
2.4. Drilling Rate
Drilling rate is strongly dependent on the material. It needs to be in the range of a few thousand holes per 
second to be fit for production.
Increasing the average power of the laser from 50W to 100W more than doubles the drilling rate for thru 
holes in 200 μm thick PCB with copper on both sides from 1200 holes per second to 3000 holes per second.
Drilling rate is expected to increase for thinner PCB. Flexible PCB of less than 100 μm allows blind holes to be
be drilled at up to 12 000 holes per second.
Fig. 2. (a) Ideal Gaussian intensity distribution; (b) Measurement of a flat top intensity distribution
Beam shaper DOEs require well defined and stable input beam properties. The used laser proofed to be
well suitable for the use with DOEs.
b)a)
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3. Outlook 
First PCB drilling systems with picosecond lasers are already available on the market. The new generation 
of industry ready picoseconds lasers with average power of 100W and more will make them a capable tool for 
mass production. Further miniaturization with diameters down to 10 μm is possible by adapting the focusing 
optics and beam shapers. 
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